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Abstract 
 
Descloizite mineral originated from Grootfontein, South West Africa, is used in the 
present work.  The chemical analysis of this mineral reveals the presence of V2O5 = 
20.94, CuO = 0.45 wt%, FeO in traces. An EPR study of sample confirms the presence of 
VO(II) and Fe(III).  Optical absorption spectrum of descloizite indicates that VO(II) is 
present in distorted octahedral environment.  NIR results are due to water fundamentals.  
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Introduction 
 
 Descloizite is a zinc-copper-lead hydrous vanadites mineral belonging to 
descloizite group.  This group of minerals has the formula Pb (Zn, Cu) (VO4) (OH).  
Based on composition, this group of minerals is classified as follows [1]:  
ZnO content greater than 18%            descloizite 
ZnO content between 18% and 10%    cuprian descloizite 
ZnO content between 10% and 2%    zincian mottramite. 
 
In the above group of minerals, vanadium can be replaced by Cr, As, Mo, P and 
zinc by Cu, Fe and Mn [1, 2]. The crystal structure of the descloizite is reported [3-5]. 
The parameters of the orthorhombic cell, with space group Pnca are a = 0.5328, b = 0.5052 
and c= 1.2003 nm.  (Zn,Cu) cation is in a distorted tetragonal bipyramid surrounded O 
and OH ligands, where as VO4 is in tetrahedral.  The distribution of transition metal ions 
in this group is consistent.  The chemical analysis of this group of minerals indicates that 
descloizite consists of only vanadium is major quantity of the transition metal and iron, 
manganese are in traces [1, 2, 5]. 
 
 Detailed electron paramagnetic resonance (EPR) studies and infrared studies on 
cuprian descloizite from Namibia have been reported but not on descloizite [1,6].  The 
study of descloizite originating from Grootfontein, South West Africa, is undertaken in 
the present work.  The chemical analysis of this minerals was reported and reveals the 
presence of V2O5 – 20.94, CuO = 0.45 wt%, FeO, MnO in traces [1].  The authors present 
here a detailed study on this mineral by electron paramagnetic (EPR), optical absorption 
and infrared (IR) spectroscopic techniques. 
 
Experimental   
 
Orange blackish brown coloured descloizite sample, originating from 
Grootfontein, South West Africa is used in the present investigations.  EPR spectra of the 
powdered sample are recorded at room temperature (RT) on JEOL JES-TE100 ESR 
spectrometer operating at X-band frequency (ν = 9.39146 GHz) and having a 100 KHz 
field modulation to obtain a first derivative EPR spectrum.  DPPH with a g value of 
2.0036 is used for g factor calculations.   
 
 Varian Cary 3 UV–vis spectrophotometer, equipped with diffuse reflectance 
accessory (DRA) was employed to record the electronic spectrum of the sample in the 
region between 200and 900 nm. The diffuse reflectance measurements were converted 
into absorption (arbitrary units) using the Kubelka–Munk function (f(R∞) = 
(1−R∞)2/2R∞). Data manipulation was performed using Microsoft Excel. The details of 
experimental techniques were followed as reported [7]. Band component analysis was 
undertaken using the Jandel “PEAKFIT” software package which enabled the type of 
fitting function to be selected and specific parameters to be fixed or varied accordingly. 
Band fitting was carried out using a Lorentz–Gauss cross product function with a 
minimum number of component bands used for the fitting process. The Lorentz–Gauss 
ratio was maintained at values greater than 0.7 and fitting was undertaken until 
reproducible results were obtained with squared correlations of r2  greater than 0.9975.  
 
Theory 
 
 Vanadium in its tetravalent state invariably exists as the molecular VO(II) ion 
(vanadyl).  The VO(II) ion has a single d electron which gives rise to the free ion term 
2D.  In a crystal field of octahedral symmetry, this electron occupies the lowest t2g orbital 
and gives rise to ground state term 2T2g.  When the electron absorbs energy, it is excited 
to the upper eg orbital and gives rise to the 2Eg term.  Accordingly in octahedral 
symmetry, only one band corresponding to the transition 2T2g → 2E is expected. Because 
of the non-symmetrical alignment of the V=O bond along the symmetry axis, the site 
symmetry in general is lowered to tetragonal (C4V) or rhombic (C2V).  In C4V site 
symmetry 2T2g splits into 2B2 and 2E, where as 2Eg splits into 2B1,2A1.  Accordingly three 
bands are expected.  The degeneracy of 2E is also removed in rhombic symmetry 
resulting four bands. For VO(II) three d-d transition bands are expected in C4v symmetry 
in the range 11000 –14000, 14800 – 19000  and 20000 – 31250 cm-1 [8].  The relative 
positions of the energy levels along with their corresponding expressions are given 
below: 
2B2  -------          - 4Dq + 2Ds –  Dt 
2E    -------         - 4Dq -   Ds + 4Dt 
2B1  -------            6Dq +2Ds  -   Dt 
2A1  -------            6Dq - 2Ds  - 6Dt. 
 
VO(II) ion which has S= ½ and I = 7/2.  In the EPR spectrum it shows hyperfine pattern 
of eight equidistant lines. In C4v symmetry two sets of eight lines are expected (sixteen-
line pattern), where as in C2v symmetry three sets of eight lines are expected. Using 
optical absorption and EPR data, molecular orbital coefficients can be evaluated by using 
the following equations [9] 
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A11 = ĸα2 + P[-(4/7) α2 + (g11 – ge) +(3/7)(g⊥ - ge)] 
 
A⊥ = ĸα2 + P[(2/7) α2 + (11/14) (g⊥ - ge)] 
 
Here g11 and g⊥ are the spectroscopic splitting factors parallel and perpendicular to the 
magnetic field directions. ge = 2.0023 free electron value. 
A11 and A⊥ are the hyperfine splitting constants parallel and perpendicular to the 
magnetic field directions. 
E1 is the energy of  2B2  →  2B1  and E2 is the energy of  2B2  →  2E. 
P dipolar hyperfine coupling constant. 
K is the Fermi contact term. 
λ is the spin-orbit coupling constant for the free vanadium. 
 
Results and Discussion 
 
Optical absorption spectral results 
 
 Optical absorption spectrum of descloizite recorded at room temperature is shown 
in Fig.1 a-b.  The spectrum shows energies at 9803,11875,13160,13515, 14285, 15040 
and 19800 cm-1.  The band at 15040 cm –1 is relatively weak since the low energy side of 
the 9803 cm-1 band and high-energy side of the 19800 cm-1 band were almost wholly due 
to the transition.  The occurrence of these bands suggests tetragonal symmetry for 
vanadyl ion.  The general ordering of energy levels is 2B2 < 2E < 2B1 <  2A2 [10,11].  The 
transition 2B2 → 2E should be most intense d-d transition, where as 2B2 → 2B1 is the 
symmetry forbidden transition should be weakest.  Accordingly the bands at 9803,15040, 
19800   cm-1 are attributed to the transitions 2B2 → 2E, 2B2 → 2B1 and 2B2 → 2A1 
respectively [12] .  Using the formulae [13] 
 
        2B2 → 2E  =  - 3Ds + 5Dt 
        2B2 → 2B1 =  10Dq  
        2B2 → 2A1 =  10Dq - 4Ds  - 5Dt 
 
the octahedral Dq and tetragonal (Ds,Dt) crystal field parameters are evaluated from the 
observed bands positions.  The parameters are as follows: Dq = 1504 cm-1, Ds = -2080    
cm-1 and Dt = 713 cm-1. Where as the unassigned bands observed at 11875, 13160, 
13515, 14285 cm-1 are due to Fe(III). These are assigned to 6A1g  →  4T1g(G). 
 
EPR spectral analysis 
 
 The EPR spectrum of polycrystalline sample of descloizite is shown in Fig.2. 
From the figure immediately one can notice six lines. If we thought of manganese is 
present in the mineral, electron paramagnetic resonance will show its presence by a six-
line pattern in the EPR spectrum. Fig. 2 shows the EPR spectrum of polycrystalline 
descloizite mineral observed at room temperature. It is well known that in the transition 
metal ion EPR studies, Mn(II) is easily observable at room temperature, even if present in 
minute levels, compared to other ions. Our previous observations indicate that the g and 
A values for Mn(II) about 2.0 and 9.0 mT. The observed g and A values in the sample are 
2.10 and 13.2 mT respectively. These values in the present case are indicating that which 
are not due to Mn(II) but due to some other ion present in the mineral.  Which is also 
further confirmed from the chemical analysis of the sample.[1]. 
 
The mineral descloizite is vanadium mineral we thought that the EPR spectrum is 
also due to vanadium.  If vanadium is present in the mineral it exhibits the characteristic 
eight-line pattern due to the hyperfine coupling of a single unpaired electron with the 
most abundant isotopic 51V (spin = 7/2) nucleus. The central eight-line transition of 
VO(II) may be masked by Fe(III) and the component lines on left side are also 
superimposed by Fe(III).  In other words, the overlap of Fe(III) signal with two lines of 
parallel component  and all features of perpendicular component of VO(II).  From the 
position of peaks and their separations the following spin Hamiltonian parameters are 
evaluated. 
 11g   = 1.92  11A  = 132 mT 
 ⊥g   = 1.97  ⊥A  not resolved.  
 
By correlating the optical and EPR results the spin-orbit coupling constant λ is evaluated 
using the following formulae [9]   
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The calculated value of λ =155 cm-1 which is less than free ion value of 170 cm-1 [14] 
indicating 9.1% of covalent bonding in the mineral. By assuming the dipolar coupling 
constant P = - 155 x 10-4 cm-1 and Fermi contact term ĸ = 125 x 10-4 cm-1 , the calculated 
value of spin orbit splitting constant λ = 155 cm-1 and   α = 0.91 instead of 1.0 for purely 
ionic bonding and using the expressions [9] given in the theory the ⊥A component is 
evaluated as 5.4 mT. 
On low field side the resonance marked with g = 6.5 in Fig.2 in the range 0-400 
mT is due to Fe(III) in the mineral.  This is further supporting the observed optical 
absorption studies. 
 
NIR spectroscopy 
  
 The NIR spectrum of the sample recorded at room temperature shows several bands. 
These bands are due to overtones and combination tones of water fundamentals.  These are 
assigned as follows:  Water has C2v symmetry and gives three fundamental modes.  They are 
υ1, υ2 and υ3.  υ1 is the symmetric OH stretch, υ2 is H-O-H bending mode and υ3 is the 
asymmetric OH stretch.  In vapour phase, these modes occur at 3652 (υ1), 1595 (υ2) and 
3156 (υ3) cm-1, whereas in solid they appear at 3220, 1620 and 3400 cm-1 respectively [15].  
The shifting of υ1 and υ3 towards the low frequency side and υ2 toward higher frequency is 
due to hydrogen bonding [16].  
 
 Fig. 3a shows NIR spectrum of descloizite at room temperature in the range 9000 
– 4500 cm-1.  The band observed at 8175 cm-1 is assigned to the combination υ1 + υ2 +υ3 
(3220 + 1620 + 3400 = 8240 cm-1) of water fundamentals.  The OH stretching mode 
gives rise to the most common features in near-infrared region.  Hydroxyl exists as part 
of the structure and the stretching mode appears whenever water is present in any form.  
The υOH overtone (2υOH) gives rise to a band in the NIR spectrum [16]. Accordingly the 
highest intensity bands observed at 7433 cm-1 (3716 x 2 = 2υOH) and 6823 cm-1 (3411 x 2 
= 2υOH) are assigned to the first overtone of OH.  The band observed at 6050 cm-1 is 
attributed to water combination mode of the hydroxyl fundamental of water.  Very sharp 
band observed at 5008 cm-1 with a shoulder at 5125 cm-1 is due to (υ2 + υ3).  Further the 
sharpness of the bands indicate that water molecules are located in well defined ordered 
site. [16]. Fig. 3b shows the NIR spectrum of the mineral in the range 4500 – 4000 cm-1.  
The well defined too intensity band at 4154 cm-1 is identified as the fundamental bending 
mode combined with the lowest frequency of OH stretching fundamental. 
 
Conclusions 
1.  The chemical analysis of the sample indicate that vanadium and copper (V2O5 = 20.94  
wt %) being a major constituent of the mineral with copper, iron and manganese as 
minor constituents. 
 
2. The optical absorption spectrum of mineral descloizite is due to vanadium and iron.  
The two metal ions are in distorted octahedron environment. 
 
3. Near infrared spectra is due to water fundamentals and supports the formula of the 
mineral.   
 
4. The EPR results confirm the presence of vanadium in +4 state with tetragonally     
    distorted environment in the mineral and iron is in +3 state in distorted octahedron       
    The EPR results and optical absorption spectral results are well agreeing.   
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Figure 1b 
  
 
 
 
 
Fig.2. ESR Spectrum of descloizite at room temperature (ν = 9.39146GHz)  
 
 
 
 
 
 
